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ABS TRACT 


An experiments l investigation “as mide to determine the cherece- 
teristios of tha flow over the surface of = 70° eone and at the shock 
wave for values ne&r the detachment Mech numser. The purpose of this 
investigation was to compare the experinental results obtained with 

neoretical values. 

Tests were made in the GilciT 2.5" Supersonic Wind Tunnel on & 
70° cone at zero ansle of cttack for five different free strean “acn 
numberae¢ 1.49, 1.530, 1.694, 1.86, 1.997. 

It wia found that theory gives close a-reement with experimental 
results. 

This investi;ation wes conducted jointly with Mr. Vincent Muirhead 


at the California Institute of Technolowy, Pasadena, Californis.. 
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I, INTROD'ICTION 


The purpose of this investigation was to determine experimentally 
the characteristics of the flow over the surface of a 70° cone and at 
the shock wave for values near the detachment Mach numoer. 4 further 
purpose wes to compare the experimontal results obtained with values 
determined analytically for an infinite 70° cone. 

& previous experimental investigation of this problem by Marschner 
and Altseimer (Ref. 1) was inconclusive for points near the apex of the 
cone. In addition, the Marschner and Altseimer work wes not directly 
comparable with enalytical results since no nnalytioal data were availe 
able for the exact cone angle which they used. 

in this investigation only the flow parameters at the surface of 
the model and the configuration of the primry shock wave were determined. 
A 70° cone with a ciroular cylindrical afterbody was tested at zero angle 
of attack. Tests were made at five different “ach nunders: 1.49, 1.636, 
1.694, 1.86, 1.997. 

Theory predicts that the initial Mach number for which the shook wave 
first becomes ettached to the cone is 1.681. The free stream Sach nunber 
at which the flow theoretically first attains sonic velocity behind the 
shock wave is 1,769. The initial Mach number for which the flow theoree 
tically first becomes sonic along the surface of the cone is 1.911. Mach 
1.49 therefore was chosen.to vive a well defined detached snock. Mech 
1.636 was chosen to give a detached shock under conditions very slightly 


removed from those at attachment. .ch 1.694 was selected to give an 


attached shock close to the minimum Mach number for ettachment where 
the flow after the shock wes subsonic. ach 1.85 was selected to ¢ive 
an attached shock with supersonic flow after the shock except for a 
resion near the surface of the cone where the flow is subsonic. Mach 
1.997 was chosen to zgive an attached shock with the flow after the 
shock supersonic including the region at the cone surface. 

For the convenience of the reader, the above is recapitulated in 


tabuler form: 








Initial Theoreticel Shock wave Flow vehind Flow 
Mach number Win. Mach shock along cone 
used Io. for surface 

conditicn 

desaribed 
1.49 1.00 Detached Subsonic Su osonio 
1.636 Le00 Detacned Subsonic subsonic 
1.694 1.685 Attached oubsonic Subsonic 
1.86 Lei? attached Supersonio oubsonic 
1.997 1.917 Attacned Supersonie Supersonic 





In order to improve on the results obtained by Marschner and 
Altseimer, the largest model possible without »lockinz the tunnel was 
used and & pressure orifice was placed ¢g clese to the noSe as practice 
able. To make possivle an exact comparison with theory a 70° cone angle 
was used since comouted values are tabulated for that angle (Ref. 2,. 

The mthematiocal treatment of the problem of supersonic flows around 


infinite cones ims been civen by several investifators, notadly Busemann 


(Ref. S) and Taylor and Macooll (Ref. 4,. KXonal hes sunnlied computed 
numerical data based on the mathermtical theory (Ref. 2). It is the 
eim of this work to compare this compute? dats witn experimental data 
obtained. 

This investigation wus conducted in the 2.5" Cupersonic Wind 
Tunnel at the Guggenheim Aeronautical Laboratory, California Institute 


of Teennology, Pasudenz, California during the winter cf 1948-1049, 
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Eight models ‘vere tested. Eash was ='3ress circular cylinder with 
°? Q ES amen we = . 
a 7O conical nose und had one stitic vressure orifice at some point 
on the cone or cylindes. The models differed from each other only in 
the location of this pressure orifice. Fer details see “ic. 1. 
The models were tested in the GALCIT 2.5" Sunersonic “ind Tunnel. 
This is a sincle return, closed thrott, consinuous oyvcle wind tumel 


a 
s 


with @ 2.5" x 2.5” test section. For n detilled desoription of the 


fo 


tunnel see Ref. 5. The model was supvorted oy « sting wiisch could be 


G 
adjusted in ancic of attack, out not in yew. Fixed steal noszlo 
blocks were used fox tach nunbers 1.665 and 1.997. Flexiodle bronze 
nozzle DJlocks were usel for Vach nunovoows 1.49, 1,694 an’ 1,86. The 
details of construotion and metiiod of adiustin, the flexivle nozzle 
blocks are contained in Ref. l. 

Photesrenhs of the flav vere taken with the standard Schlieren 
Epparatus installed in this tunnel, 


The Mach number variation in the test seotion (Pic. 2) was 


& 
determined by & centerline pressures survay. “tatic pressure was 
taken from an orifices in & section of nypedermic tubing clamped in 
the axis of the nessle and test section. The d-fference between the 
centerlins pressure 2nd the test section will vressure wes mexsured 
on an acetylene tetrabromide manometer. This pressure difference 
was added to the wall pressure mecsured “fainst utmospheric sressure 


on a meroury minonoter. 


The rmicdel wes set et cero ancle of Ettich by the fclloving prcecee 
dure. Pressure reicinzs were taken for tvo anzles of éttack with the 
orifice on top. rressure reéudings for the same two angles of uttack 
were thc:. tuken ith the orifice on the Scttes, 4 plot of preBBbure 
versus anvle of att.ck was mede (Fir, ®), and the intcrseotion o2 the 
line for the orifice up with the line for tim orifice down gave the 
gero anole of attack. This zero setting was checked wth witli: the 
orifice up and the orifice down and udjusted until no variation existed. 

Static pressure at the model orifice, settling tank pressure, and 
test. section wall pressure were resd on vertical Uetube mercur,) mano- 
meters &sainst ntmospheric pressure. Barometric pressure, room tenpera= 
ture and settling tank temperature wero recorded. 

To determine relative humidity, e saaple of tunnel air was bled 
from the settling tark and passed over a ccoled, polished, metal diso. 
The temperature c% which condensetion first occurred was taken as the 
dew point. From this the relative humidity was determined. The 
Silica gel dryer in the tunnel air circuit kept the relutive humidity 


in the range from .0¢ to .4. 


IfT, KESJLTS AND DISCUSSION 


Pig. 4 18 & grapniocel presentation of the notation employed. 

Figs. 5 and 6 show the pressure distribution over the model for 
the case of the detached shock wave (M4 = 1.49 and M> 1.636). At the 
nose the ourves are faired to the pressure which theoretioally obtained 
behind a normal shock wave. This was felt to be a valid procedure 
Bince the photographs of the flow show a normal shock close to the 
nose and since the pressure cli:ins Abruptly as the nose is approached. 
These results tend to clear up the uncertainty left by the Marschner 
experiment as to the behaviour close to the nose near the cttachnment 
ach number. 

After the large initial acceleration nezr the nose the flor 
accelerates uniformly but more slowly over the middle part of the 
cone face and then speeds up again near the corner of the cone and 
cylinder. The theoretical pressure at which the flow becomes sonic 
is indicated at the corner. The model and tunel wall form an effective 
throat at which the flow becomes sonic. 

Fig. 7 ehows the case of the attuched shock with subsonic flow 
behind the shock and along the cone face (M* 1.694). The theoretical 
pressure at the nose to which the curve is faired is that given in the 
Kopal report (Ref. 2). It appears from the plot that the flow attains 
sonic velocity at a point slightly sheed of the corner (x/s - .975). 

Fig. 8 shows tne conditions with mixed flow behind the attached 


shock (M = 1.86,. Again the theoretios! nose pressure is taken from 


Kopal. It is indioated that the flov is subsonic over the first half 
of the cone and supersonic over the latter half. 

Fig. 9 shows the pressure distrivution with the whole field 
supersonic (i§ = 1.997,. The flow elon; the entire cone face is nearly 
constant and in sood arreement with the theoretioal value as given 
in Kopal. The pressure fcr a Frandtledeyer expansion sround the 
corner is indicated. 

Figs 10 is & sumnary which shows that the transition of the flow 
through the several regimes is romarkably sradual and even. The jump 
in pressure eat detachment of the shock wave is apparently aorupt for 
only @ very small pertion of the flow field very close to the nose of 
the cone. it ean olso be seen that the flow field is conical only 
for the case where the flow behind tho shock is everywhere supersonic 
(4 = 1.997). Where there is mixed flow behind the shock, the flow is 
noneconical. | 

Fig. 11 shows the variation of pressure with Mach mumber fer 
each orifice. The curves are regular except for & possidle smail 
discontinuity in slope at the attachment Mach nunber. The curves 
ere dotted for this portion ef the ach spectrun. 

Fiz. l2 throush 16 sve similar to Figs. 5 through 11 described 
above except for the reference pressure used. in “igs. 5 through ll 
the pressure was riven in ratio to the settling tank pressure, dO° 
In Figs. 12 through 18 the pressure is given in ratio to the theoree 
tical reservoir pressure correspondin’ to condition behind the shock, 
Poe For the detached shock, normal shock wave relation were used. 


For the attached shocks, oblique shock wave relations were used 


considering the shock engle existins at the nose. 

Fig. 19 shows, to a sozle 3ix timas actual size, the configuration 
of the primary shock waves for the various Mach numbers tested, These 
patterns were traced from projections of the Schlieren photogranohs 
tekene 

Pigs. 20 througn 24 are plots of shock weve angle and Mach number 
after the shock. The waive anzle was measured directly from the shock 
traces end the -fech number after the shock caloulated from the oblique 
shock relations. The theoretic:1 value for the wave angle for an 
infinite cone as derived from Kopal is indicated on the curves. Figs. 
25 and 26 are summaries showing the gradual. transition of tne conditions 
at the shock through the different types of flow. 

From Fic. 26 it can ve seen that the point at which H, ~ 1 just 


behind the shock is: 





Initial Mach number Y/D at which My = 1 
1.49 96 
1.636 083 
1.694 0 57 





From this and the previously noted point at which ‘~ 1 on the surface 
of the cone, we get two points on the houdery line between subsonic 
and supersonic flow. 

Pig. 27 cives the theoretical surface pressure for an infinite 70° 
cone plotted against free stream Maoh number. Fig. 28 gives the theore- 


tical shock wave anzle. In Fig. 28 the minimum Mach number et which 


«Ge 


the flow behind the shock »cecomes sipersonic and the minimum Mach 
number at which the flow over the surfiuce of the ccne becomes 
supersonic are indicated. Fics. 27 and 28 were plotted from data 
civen by Kopal. Fxperimental points for the ipex of the cone are 
s:inerimposed on the theoretioal curves. 

Figs. 29 through 35 are Schlieren photographs of the models at 
various test Mash numbers. 

The results in -eneral show close agreement with theory in all 
details where ‘iirect compSrisons are possisle and ere nowhere incom 
petible with theory. The results are sine in agreement wath tne work 
of Marscliner and Altseimer and amnplify tneir results for points close 


to the apex of the cone. 





1V. CONCLIE ZIONS 


It is concluded that theory cives excellent agreement with 
experimentel results for those values of flow compared. It is 
,elt that this investigation is ea cood expsrimental check on the 
analytical data of the Kopal report (Ref. 2,, and, by extension, 
that all values tabulated can be used with confidence. 

It is further concluded that the transition from detached to 
attached shock wave proceeds smootniy and with no violent changes 
in the flow, exceot for a jump in the vressure at attachment at 


the extreme tiv of the cone. 
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Be Determination of Angle of Attack 
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Hole up 1 112.90 91.85 
Hole down QO 112.90 91.85 
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C. Determination of P,/P,; M= 1.86 
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